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 2 ????????????????????????????????????????
????? II????????????????????????????????????
?? 2,900kN? Pδ=10?2,900(kH=0.315 ??)?????????????????????P2
??????Fix2?? P3??????Fix3????????????????? 2,900kN??
????????????????? 2.14(a)?????????????????????
????????????? birth and death????? ?????????????????
????????????????????? 2.14(a)????????????3.34 ???
?????? P3 ??????????????????????????????????
????????????? 4g????????????????????????????
??????????????????????????????????????????
??????????????????????????????????????? 4g??
???????????????? 2.14(a)??????????????????????
??????????????3,700kN?????? 0.38?????????????????
??????????????????????????????? 2,900kN ???????
???????????????????????????? II?????????????
??????????????????????????????? 2.14(b)???????
(a)??A1                               (b)??P2 
?2.12 ???????????? 
(2??,???????II,????????,??3.6cm) 
0      5     10     15     20    25
 20,000 
     0 
-20,000 
-40,000 
時間(s) 
作
用
力
 (k
N)
 
0      5  10     15     20    25
時間(s) 
 2,000 
    0
-2,000 
-4,000 
作
用
力
 (k
N)
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???????????2.14(c)????????????????????????2.14(b)
?????????????? 20cm ????????????????? 20cm ????
2.14(c)?????Bel.2 ???????????????3 ???????????????
?UB2 ? UB3??????????????????UB2 ? UB3????????????
?????2.14(b)?????????????????Bel.3???????????????
i)??????Bel.2               ii)??????Bel.3 
 (c)?????????-?????? 
?2.13 ????????????????? 
(2??,???2???II,?????) 
 
i)??A1                             ii)??P2 
(a) ???????????? 
作
用
力
 (k
N)
 
0      5     10     15     20    25
時間(s) 
0      5  10     15     20    25
時間(s) 
 0.1 
  0
-0.1 
応
答
変
位
 (m
) 
 0.1 
  0
-0.1 
応
答
変
位
 (m
) 
-0.1     -0.05      0      0.05      0.1
橋軸方向変位(m) 
-0.1     -0.05    0      0.05      0.1
橋軸方向変位(m) 
 4,000 
 2,000 
    0
-2,000 
-4,000 
作
用
力
 (k
N)
 
 4,000 
 2,000 
    0
-2,000 
-4,000 
作
用
力
 (k
N)
 
i)????UB1                        ii)????UB2
(b)??????????? 
0      5     10     15     20    25
時間(s) 
0      5  10     15     20    25
時間(s) 
 20,000 
     0 
-20,000 
-40,000 
 2,000 
    0
-2,000 
-4,000 
作
用
力
 (k
N)
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??2.14(c)????????????? Bel.2?????????????????????
???A2?????????????????????Pδ=10?7,000(kH =0.76??)?????
??????????????????????????????????????????
?? 2,900kN?????????????????P2??????Fix2??????????
????? 2,900kN ???????Fix2 ???????? 2.15(a)????????????
i)??????Bel.2               ii)??????Bel.3 
 (c)?????????-?????? 
 
?2.14 ????????????????? 
(3??,???2???II,???????????2,900kN,?????? 
i) ??P2                             ii)??P3 
(a)??????? 
i)????UB2                        ii)????UB3
(b)??????????? 
0      5     10     15     20    25
時間(s) 
 4,000 
 2,000 
    0
-2,000 
作
用
力
 (k
N)
 
0      5  10 15     20    25 
時間(s) 
 4,000 
 2,000 
    0
-2,000 
作
用
力
 (k
N)
 
0      5     10     15     20    25
時間(s) 
0      5  10     15     20    25
時間(s) 
 0.2 
  0
-0.2 
応
答
変
位
 (m
) 
 0.2 
  0
-0.2 
応
答
変
位
 (m
) 
橋軸方向変位(m) 
-0.2     -0.1     0      0.1      0.2
橋軸方向変位(m) 
 5,000 
    0
-5,000 
作
用
力
 (k
N)
 
-0.2    -0.1     0      0.1      0.2
 5,000 
    0
-5,000 
作
用
力
 (k
N)
 
 - 21 - 
??????2.15(b)????????????????????????2.15(a)?????
????????? 14cm??????????????????2.15(b)?? 14cm????
???2.14???????????????????? 
 ??????????????A2??????????????????????????
??UB2 ?UB3?????????????? cm????????????????????
?????????????????????????????? 
 
 
?.?.? 4??????????????????????? 
 
 ?????3???????????????????????????? II??????
??????????????????????????????????????????
??? 3????????? 
i)??????Bel.2                 ii)??????Bel.3 
(b) ??????????? 
 
?2.15????????????????? 
(3??,???2???II,???(??)??????????????7,00kN) 
i)????UB2                          ii)????UB3
(a) ??????????? 
-0.2     -0.1     0       0.1      0.2 
橋軸方向変位(m) 
- 2     -0.1     0      0.1     0.2
橋軸方向変位(m) 
 4,000 
 2,000 
    0
-2,000 
-4,000 
作
用
力
 (k
N)
 
 4,000 
 2,000 
    0
-2,000 
-4,000 
作
用
力
 (k
N)
 
0      5     10     15     20    25
時間(s) 
0  5  10     15    20    25 
時間(s) 
 0.1 
  0
-0.1 
-0.2 
応
答
変
位
 (m
) 
応
答
変
位
 (m
) 
 0.1 
  0
-0.1 
-0.2 
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???????????????? 2,900kN?Pδ=10?2,900????????????????
???3 ??????????????????????????????????????
?????????????????????????????????????????
40cm ???????????????????40cm??????????????????
??????????????????????????????????????????
??????????????40cm??????????????????????????
?????????????????4 ????????????????????????
????????????????????????????????? 
 ????3 ???????????????????A2????????????????
?????Pδ=10?7,000(kH=0.76??)?????????????2.16???????????
???????????????4 ??????????????????????????
?????? 2,900kN?Pδ=10?2,900??????????????UB2?UB3???????
????????????????????Bel.3????????????????????
2.16?????????????????P2??????Fix2?? P3??????Fix3???
???2.16????????????????? 25cm?????????????????
?? 2,900kN ????????????????????????????????????
(c) ??????Bel.4                (d)??????Bel.5 
?2.16 ??????????? 
(4??,???2???II, ???(??)??????????????7,00kN? 
(a) ??????Bel.2                (b)??????Bel.3 
-0.4     -0.2      0       0.2      0.4 
橋軸方向変位(m) 
-0.4     -0.2    0       0.2     0.4
橋軸方向変位(m) 
 10,000 
     0 
-10,000 
作
用
力
 (k
N)
  10,000 
     0 
-10,000 
作
用
力
 (k
N)
 
-0.4     -0.2      0      0.2      0.4
橋軸方向変位(m) 
-0.4     -0.2     0      0.2      0.4
橋軸方向変位(m) 
 10,000 
     0 
-10,000 
作
用
力
 (k
N)
  10,000 
     0 
-10,000 
作
用
力
 (k
N)
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?????????????????A2???????????????????UB1? UB2
??????????????????????????Pδ=10?5,000(kH =0.543??)????
????????????????????????P2 ?P3?P4???????Fix2?Fix3 ?
Fix4????????????????????????????? 
 ? 2.17(a)?????????????????????? 2.17(b)??????????
?????????2.17(c)??????????????????????????Bel.2?
Bel.5 ????????????? 5,000kN ???????? Bel.3 ? Bel.4 ????????
???????????????????????????????????????????
?????????? 12cm????2.17(b)??????????????????????
??2.17(c)???? 13cm??????????????????????????????
????????????????-17(a) ???? 
 ????????3 ??? 4 ????????????????????????????
???Pδ=10?????????????????????????????????????
??????????????????????????????????????????
????????????????????????????????????????? 
 
 
?.? ?????????????? 
 
 ?????????????????????????????????????????
??????????????????????????????????????????
??????????????????????????????????????????
?????????????????????????????????????????? 
 
?.?.? ??????? 
 
 ???????? 39m??????????? I ????????? 2.18???????
????????????? 9m?????? 2.7m? 4??????????2.3?????
??????????[2.8]? 
 
?.?.? ???????? 
 
(1)??????? 
 ????????????????2???3??????4?????????????
??????????????????????????????????????????
?????????????????????????????????????????? 
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i)??????Bel.4               ii)??????Bel.5 
 (c)?????????-?????? 
 
?2.17 ????????????????? 
(4??,???2???II,???????????5,000kN,?????? 
i) ??P2                             ii)??P3 
(a)??????? 
i)????UB3                        ii)????UB4 
(b)??????????? 
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変
位
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  0
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変
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橋軸方向変位(m) 橋軸方向変位(m) 
- 2 -0.1      0      0.1      0.2
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作
用
力
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     0 
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作
用
力
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-0.2     -0.1     0      0.1      0.2
橋軸方向変位(m) 橋軸方向変位(m) 
-0.2 -0.1      0      0.1      0.2
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     0 
-10,000 
作
用
力
 (k
N)
  10,000 
     0 
-10,000 
作
用
力
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i)??????Bel.2                ii)??????Bel.3 
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?-2.3 ????????? 
?? ?? ? 
??????? kN 3,200 
?????????? kN 890 
?????? kN 240 
????? kN 4,330 
??????? m 2 
???1?????? m2 0.0628 
???1????? 
2?????? 
m4 0.0399 
 
????????????????2?????????????????????????
???????????????????????????????????2??????
?II????????????????????????????????????????
?????????? 2.3(b)?????????? 2??? II?????????????
???????????????????????2????I?????????????
??????????????????????????????????????????
??????????????????????????????????????????
??????????????????????????????????????????
???????????????????????????2??????????????
?????4???????????????????????????2.19???3???
?????????????????UB???????Fix ??????? Move ?????
??????????????????????????????????????????
????????????????A1?????????????????????????
?2.18 ???????????? 
 
  600   600   9,000   
1,050 3´2,700=8,100   1,050   
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????????????B?????????????????????????????
????????????????????????????????????A?????
??????????????????????????????????????????
??????????????????????????????????????????
?P?0.86(s)???A1???0.1(s)???? 
 
 
(2) ???????????????? 
 
 ?????????????????????????????????2.4??????
??????????????????????? kH =0.25????? 8?????????
??????????? 2.20????????????????????????????
?????????????????????????????????????2.9???
??????????????????????????????????????????
???????????????????????? 5??????? 
 
?2.19 3??????????? 
 
Bel.4  Bel.2  Bel.3  
Move3 
Fix3 
Move2 
Fix2 
Move1 
Fix1 
A2  
ＵＢ1  ＵＢ2  ＵＢ3  
P3  P2  
A1  
Bel.1 
?2.20  ???????-???? 
 
F 
?1   ?2 
  -?2     -?1 
-F1 
-F2 
F2 
F1 
? 
δ1=0.05m   F1=1,600kN 
δ2=0.30m   F2=2,200kN 
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(3) ?????????????????? 
 
 ?????? 2??????????????????????????????????
??????????????????????????????????????????
??????????????????????????????????????????
??????????????????????????????????????????
??????????????????????????????? 
1)?????????????????????????????????? 
2)???(??)???????????????????????????????????
?????????? 
3)???? 0.32 ??????????????????????????????????
???????????????? 
4)?????????????????????????????????????????
???????????????????????? 
 ???????????2.4(b)??? 3????????????????????????
?2.21???? 2????????????????? 1)??? 2)???????????UB1?
??????????????????????????????????????????
??????????????????????????????????????????
?? 30???????????????????????????????????????
??????????????????????????????????????? 
 ?? 3)??????????????????????????????????????
??????????????????????????????????????????
??????????????????????????????????????????
???????????????????? 
 
wp a
FC 4=  ? dRF ´= m         ????? (2.1) 
 
????a?????????????????????????ω??????????μ?
???????Rd?????????? ???? 
 ?????????????????????????????????????????
??????????????????????????? a???????????????
??????????????????????????????????????????
????????????????? 
 2???????? 4???????????????????????????1????
?? 3?????????? 
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 ????????????????????????????????? 
1)?????????????????????????????????????????
????? 
2)?????????????????????????? ω????? T????? 
3)???? T ?????????????????????????????????? ζ
? 5???????????????????? CD???????? 
4)???????????????????????? 
5)?????????????????????????????????????????
???? 
6)?????????????? 70%???????????????????? 
7)?????????????????????????????????10%?????
???2)?? 5)???????? 
 ????2????????1???????5)????????????????????
???????????????????????????? 
 
?.?.? ????????? 
 
(1) ???????????? 
 
 ????????????????? 2.4????????????????????Fy1?
Fy2???? Fy3? 3????2.4????3?????? 4???????????????
???????????????????????????????????????????
??????????????????????????????????????????
???????????????????????20cm?????????????????
??????????????????? 20cm ????????????????????
??????????????????????????????????????????
?2.21 ?????????????3????? 
 
A2 
P２  
Bel.4  
P3  
Bel.2  Bel.3  
UB2  UB3  A1  
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??????? 
?2.4 ????????????????? 
????? Fy ????
??? ?kN? ???? 
FU=10 
?kN? 
FU=20 
?kN? 
Fy1 1,200 0.277 1,550 1,970 
Fy2 1,810 0.418 2,330 2,960 
Fy3 2,410 0.557 3,100 3,940 
 
 ?????????2.4????????????????????2??????3???
?????? 4???????????????????????????????????
?? 2 ?????????????????????????????? 20cm??????
??????????????????????????????????????????
???????????????? 
 ?????????????????????????????????????????
??????????????????????????????????????????
?????????????????????? 
1)?????????????????????????????????????????
?????????????????????????????????? 
2)??????????????????????????????????????????
?????????????????????????????????????????
??????????????????? 
 
 
(2)?????? 
 
 ?????2??????????????????????????????????? 
 2??????????????????????????? UB2? 1??????????
2.21????UB2 ????????? 2 ?????????Bel.2 ? Bel.3?????????
??????????????????????????????????????????
?????????????????????? 
 ?????????????????????????????????????????
????????????????????????????????2.5.2(3)????????
????????????????? Fy1???????????????2.5??????
??????????????Fix2??????????????????? 2.5??T ??
????h ?????Umax??????????????????????????????
??????????????????????????????????????????
??????????????????????????????????????????
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??????????????????????????????????????????
?????????????????????????????????? 0.32 ?????
?Fix2???????????????????????????????????????
??????? 15cm?????????? 2.5????????????????????
??????????????????????????? 0.3 ?????????????
????????????????????????????????? 
 
?2.5 2????????????????? 
 
?? 
????? 
?? 
???? 
??? 
T?sec? 0.443 0.749 
? 0.245 0.386 ?? 
Umax?m? 0.057 0.143 
T?sec? 0.441 0.742 
? 0.254 0.408 ?? 
Umax?m? 0.056 0.139 
 
 
(3)?????? 
 
 ????????????????????3 ????????????????????
??? UB2 ? UB3? 2????????2.21?????????????????????
??????????????????????????????????????????
???1 ?? 2 ???????????????????????????????????
??????????????????????????????????????????
??????????????????????????????????????????
????????????????????????????????????? 
 
1)?????????????????????????????????????????
????????????????????????????????????????Bel.3?
????????????????????????????Fy1????? 
2)? 2.4???????????????????Fy3????Fy2???????Fy1????
2.21? Bel.2?3???? 4??????????????????????? 
 
????????????????????????? 
 ?????????????????????????????????????????
??????????????????????????????????????????
??????????????????????????????????????????
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?????????????????????????? 3???????????????
??????????????????????????Bel.3??????????????
??????????????????????????????????????????
? 2.6????????????????????????????????????? 2.6
? β?????????????h??????????????? φ1??? φ2?????
UB2 ??? UB3 ????????????? 2.6???????????????????
??????????????????????????????????????????
???? Fix2 ???????????????? Fix2 ????????Fix3 ???????
???????????????? 0.32????????Fix3??????????????
??????????????????????????????????????????
???????????????? 10%????????Fix3??????????????
??????????? 2.6???3 ?????????????????????????
?????????????????UB2 ?UB3?? 1??????????????????
???2 ??????????????????????????????????????
????????????????????2.6? Bel.2?????????Fix2 ??? Fix3
?????????????? 20cm ?????????????????????????
??????????????????????????????????????????
????????????? 
 
 
?2.6 3????????????????? 
???????? Fix2?
??? 
Fix2 ,Fix3???? 
??????? ??? ??????? 
        
Case 
??? 
P1 P2 P3 P6 P1 P2 P3 
T?sec? 0.502 0.486 0.470 0.757 1.009 0.969 0.940 
? 1.095 1.19 1.190 1.122 1.032 1.189 1.207 
h 0.234 0.221 0.216 0.366 0.339 0.357 0.357 
?1 1 1 1 1 1 1 1 
1? 
?2 0.803 0.547 0.287 0.145 0.935 0.552 0.429 
T?sec? 0.286 0.317 0.296 0.356 0.330 0.568 0.561 
? -0.095 -0.190 -0.19 -0.122 -0.032 -0.189 -0.207 
h 0.092 0.227 0.127 0.211 0.046 0.381 0.380 
?1 1 1 1 1 1 1 1 
2? 
?2 -1.245 -1.827 -3.487 -6.805 -1.069 -1.813 -2.333 
Bel.2 0.080 0.082 0.077 0.167 0.279 0.295 0.286 
Bel.3 0.016 0.042 0.058 0.147 0.018 0.151 0.186 
Umax 
?m? 
???? Bel.4 0.064 0.045 0.027 0.039 0.257 0.154 0.121 
Bel.2 0.077 0.079 0.072 0.166 0.272 0.279 0.269 
Bel.3 0.015 0.037 0.054 0.145 0.017 0.143 0.148 
?
?
?
?
? 
Umax 
?m? 
???? Bel.4 0.062 0.039 0.025 0.037 0.253 0.143 0.135 
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(4)?????? 
 
 ????????????? 3????????Fy3????Fy2???????Fy1?? 3??
???????????????????????????????????????3 ??
?????????????????????????????????????? Bel.3 ?
?? Bel.4 ?????????????????????????????????????
???????????4 ??????????????????????? 3 ??????
??????????? 3????????????????????????(3)?????
??????????????????????????????????????????
??????????????????????????????????????????
??????????????????????????????????????????
??????????????? 20cm ????????????????????????
??????????????????? 2.7???????????? P3 ???????
??????????????? 20cm ????????????????????????
??????? 
?2.7 4????????????????? 
??????? 
??????? 
              
Case 
 
??? 
P1 P3 P4 P5 P6 
T?sec? 0.868 1.03 0.789 0.750 0.815 
? 0.990 0.677 0.213 0.359 1.02 
h 0.368 0.363 0.366 0.365 0.362 
?1 1 1 1 1 1 
?2 1.17 2 5.53 3.76 1.11 
1? 
?3 0.789 1 4.49 1.09 0.228 
T?sec? 0.448 0.594 0.361 0.402 0.370 
? -0.102 1 0.404 -0.078 -0.151 
h 0.346 0.363 0.261 0.343 0.296 
?1 1 1 1 1 1 
?2 0.318 0 0.406 0.125 0.112 
2? 
?3 -1.74 1 -0.723 -1.35 -4.93 
T?sec? 0.300 0.514 0.330 0.381 0.275 
? 0.111 0.333 0.383 0.719 0.128 
h 0.210 0.363 0.281 0.349 0.065 
?1 1 1 1 1 1 
?2 -1.11 -1 -0.895 -0.470 -0.935 
3? 
?3 0.373 1 0.881 0.700 0.181 
Bel.2 0.190 0.214 0.041 0.059 0.176 
Bel.3 0.033 0.214 0.154 0.149 0.021 
Bel.4 0.070 0.214 0.043 0.143 0.157 
???
?? 
Umax 
Bel.5 0.152 0.214 0.151 0.063 0.049 
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?.?.? ??????? 
 
 ?????????????????????????????????????????
???????? 2??? II?????????????????????????????
??????????????????????????????????????????
??????????????????????????????????????????
???(2.1)?????????????????????????????????????
????? birth and death???????????????????????????? 0.32
???????????????????????????5%??????????????
?????????????? 
 
(1)?????? 
 
 2 ????????????????????????????????????????
??????????????????????????????????????????
??????????????????????????????????????????
??????????? 2.22????????????????????????????
??????????????????????????????????????????
???????1 ???????????? UB2 ????? 6cm?? 2.5?????????
???????????????? 5cm???????? 4cm??????????????
???????????????????????????????? 1,000kN????? 0.23
??????????????????????????????????????????
????????????????????????????????????2.22(c)???
???????????????????????????????????????????
2????????????????????????????????????????? 2
??Bel.2 ? Bel.3??????????????????????????????????
??????????????????????????????????????????
??????????????????????????????????????????
??????????????????????????????????????????
??????????????????????????????????????????
2.23???????????????????????????????Bel.2???????
?????? 
 ?????????????????????????????????????????
14cm?? 2.5????????????????????????????????????
??? 9cm???????? 5cm???????????????????????????? 
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 ??????????????????? 0.3 ????????????????????
??????????????????????????????????????????
??????????????????????????????????????????
??????????????????????????????????????????
??????????????????????????????????????????
?)??????               ?)????? 
 ?c?????Move2???-?????? 
 
?2.22 ???????????????????????2?????? 
?)??????               ?)????? 
(a)??P2????? 
?)??????               ?)????? 
?b???????Bel.2??????? 
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-2,000 
作
用
力
 (k
N)
 
 1,000 
    0
-1,000 
-2,000 
作
用
力
 (k
N)
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??????????????????????????????????????????
??????????????????????????????????????????
?????? 10%????????????? Fix3???????????????????
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???????????????????????????????????????2.8?
????????????????????????????????? 
 ?2.8??????????????????????????????????????
??????????????????????????????????????????
??????????????????????????????????????????
??????????????????????????????????????????
??????????????????????????????????????2.26?a?
?????????????????????????????? P4 ??????????
??????????????????????????????? birth and death????
??????????????????????????????????????????
????????? 
 ?2.26(b)???????????????????????(c)????????????
???????Bel.2? Bel.5??????????? 9cm???? Bel.3? Bel.4?????
??????? 4cm????????????????2.8????????1?????? 
 
?2.8  ?????????????????????4?????? 
?????? ?????Fix2,3,4? 
?????? P1 P3 P4 P5 P6 
Bel.2 0.190 0.214 0.041 0.059 0.176 
Bel.3 0.033 0.214 0.154 0.149 0.021 
Bel.4 0.070 0.214 0.043 0.143 0.157 
Usmax  
?m? 
??????? 
Bel.5 0.152 0.214 0.151 0.063 0.049 
Bel.2 0.105 0.105 0.039 0.049 0.100 
Bel.3 0.020 0.085 0.080 0.070 0.018 
Bel.4 0.040 0.085 0.023 0.070 0.075 
Utmax 
?m? 
??? 
?? Bel.5 0.090 0.105 0.090 0.050 0.040 
 
???????????? P1 ????????????????????????????
???????????????????????????????????????????
??????????????? Fix2?Fix3???? Fix4????????????????
??????????????????????????????????????????
??????????????????????????????????????????
??????????????????????????????????????????
????????????? 
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?????? 
?????????????????????????????? 
??????????????????????????????????????????
????????????????????????????? 
???3 ??? 4 ??????????????????????????????????
???????????????????????????????????????
????? 
????????? 2????????????????????????????????
???????????????????????????????????????
???????????????????????????????????????
??????? 
??????????????????????3 ?????? 4 ????????????
???????????????????????????????????????
???????????????????????????????????????
???????????????? 
 
 
???? 
 
[2.1] ????????????? V?????????1996.12. 
[2.2] ??????????????????????????????????????-?
???????????????????1998.6. 
[2.3] ?? ?????????????????????????????????????
???????No.612/I-46?pp.239-249?1999.2. 
[2.4] ??????? ????????????????????????????????
???????No.612/I-46?pp.129-142?1999.1. 
[2.5] ??????????????????????? ???? ???????????
?????????????????????????No.563/?-39?pp71-78?1997.4. 
[2.6] ???????? ??????????????????????? 54 ??????
????????I-B77?pp.152-153?1999.9. 
[2.7] ANSYS???????????????1996? 
[2.8] ???????????????????????????????????pp.41-49?
1999.7. 
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? 3? ????????????????? 
 
?.? ???? 
 
???????????????????????????????????????
????????????????????????????????????????
????????????????????????????????????????
????????????????3???????????????????????
???RC????????????????????????????????????
?????????????????????????????????????????
?????????????? ANSYS(ver5.5)[3.1]????? 
 
?.? ?????????? 
 
?.?.? ?????????? 
 
 ? 3.1????????? 3 ??????????????????????? 2.3m
? 5 ???????????? 12.9MN??????????????????????
?3.1?????????????????3.2??????????????????
????????????????????????????????????????
????????????????????????????????????????
?????????????????????????????????????????
????????????????????????????????????????
??????????[3.2]??????? 1.9cm??????? 30cm? 40cm?????
????10cm?30cm ??????????????????????????????
?????????????????????????????????????? 3.2
????????????????????????????????????????
????????????????????????????? 3??????????
? 8????????????????????? 50????????????? 50?
????????????????????????????????????????
????????????????????????????????????????
????????????????????????????????????????
????????4.90MN????????????? 11m ?????????????
??????????????????3.3????3.4??????????????
?????????? 11m????????????????????????????
?????????? TypeII?????????????????????????? 
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?3.1 ???????? 
?? ?? ? 
??????? MN 9.37 
????????? MN 2.47 
?????? MN 1.10 
????? MN 12.9 
??????? m 1.7 
???1?????? m2 0.0496 
???1????? 
2?????? m
4 0.0234 
 
 
 
?3.1 ?3??????????????:m? 
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????????????????????????????????????????
????????????????????????????????????????
????????????????????????????????????????
???????????????????????????????????????3.2
????????????????????????????????????????
??????????????????? II????????????????????
????????????????????????????????????????
????????????????????????????????? 0.6?0.7???
????????????????????????????????????????
????????????????????????? 0.93 ? 1.32 ?????????
???????????????????????? 3.3?????????7 ????
?????????????????????????????????????????
????????????????????????????????????????
???????????????????????????[3.3]???????????
????????????????????????????????????????
?????? 250%??????????????? 
?3.3 RC?????? 
????(m) ?? 
?? 
?? 
?? ??
P1 
??
P2 
???
??? 
11 11 C1111 
11 6 C116 
15 6 C156 ?? 
11 15 C1115 
?? 
?? 
??? 
?? 11 11 CW1111 
?? 11 11 S1111 ??? ?? 11 11 SW1111 
 
?3.2 ??????RC????? 
???? ?????? ?? 
?? ??? ??? ??? ??? 
?????? 
(??????) 
?? 
?? 
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(cm) 
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?? 
(MN) 
??
?? 
(cm) 
??
?? 
(MN) 
??
?? 
(cm) 
?? 
?? 
???
??? 
6 669 2.58 1.8 3.32 10.3 2.74 1.9 3.30 16.5 0.60 0.60 
11 1,096 3.17 2.8 4.23 22.2 3.49 3.6 4.28 35.2 0.66 0.67 ?? 
15 1,358 3.35 4.6 4.57 23.4 3.62 5.6 4.41 52.9 0.63 0.61 
??
??
?? 
? ?? 11 1,874 3.72 4.9 4.28 32.6 9.90 1.5 11.0 1.4 0.65 1.32 
?? 11 873 1.64 5.0 2.21 19.9 1.85 6.0 2.23 27.1 0.39 0.39 ??
? ?? 11 912 2.07 3.9 2.42 45.5 6.47 1.3 7.71 1.2 0.37 0.93 
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????????????????????????????????????????
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????????????????????????????????????????
????????????????????????????????????????
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??? 2??? 10????????????????????????????????
????????????????????????? 
??????????????????????????[3.4]???????????
????????????????????????????????????????
?????????????????????????????????????????
????????????????????????????????????????
??????[3.5]????????????????????????????????
????????????????????????????????????????
???????????????????????????MATLAB[3.6]???????
???????????? 
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?????????????????????????????????????????
??????????? 0.2 ??????????????? 20%?30%???????
????????????????????????????????????????
????????????????????????????????????????
????????????????????????????????????????
????????????????????????????????????????
????????????????????????????????????????
????????????????????????????????????????
????????????????????? 
?3.4?????????? II?????????????????????????
??????? 1.47MN????????????? 1.67MN?????????????
????????????????????????????5 ???????????
????? 
???????????????????????????????????????
?????????????????????????????? 
?3.4????????????????????????????????????
????????????????????????????????????????
?????????????? 3.2????????????????????????
????????????????????????????????????????
???? 
?????????????????????????????????? 10cm ???
????????????????????????????????????????
????????????????????????????????????????
????????????????????????????????????????
????????????????????????????????????????
?????????????????????????????? 
 
?3.4 ??????????????????????(????????)(???cm) 
???????? ??????????? 
P1??? P2??? P1??? P2??? ???? ????? ????
?? 
??
?? 
??
?? 
??
?? 
??
?? 
??
??
?? 
??
?? 
??
?? 
??
?? 
??
?? 
C1111 11.3 1.96 9.30 1.96 9.30 27.0 4.78 22.3 4.78 22.3 
C116 10.8 1.88 8.87 1.12 9.64 25.9 4.56 21.3 4.01 21.9 
C156 10.8 1.88 8.96 1.12 9.75 27.2 6.70 20.5 4.90 22.3 
C1115 12.0 2.07 9.90 2.93 9.04 28.1 5.00 23.1 6.94 21.2 
???? 
??? 
CW1111 11.1 1.84 9.25 1.84 9.25 28.5 6.82 21.7 6.82 21.7 
S1111 6.97 3.43 3.54 3.43 3.54 35.0 21.1 13.9 21.1 13.9 ??? 
SW1111 8.44 1.69 6.76 1.69 6.76 32.3 17.1 15.2 17.1 15.2 
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???????? 15?30 MN/m??????????? 30?40 MN/m????????
????????????????????????????????????????
???????????? 3.2?????????????????????30?150 
MN/m?????????????????? 0.05?????????? 0.15?0.17 ??
???????????????? 0.42?????????????????0.27?0.31?
??????????? 
???????????????????????????????????????
?????????????????? 
???????????????????????????????????????
??????????????????????? 0.7cm??????????????
?????????????????????????????? 
 
?.?.? ?????? 
 
???????????????????????????????????????
????????????????????????????????????????
????????????????????????????????????????
?????????????????????????????????? 
 ????????????????????3.2?????????????????
????????????????????????????????????????
????????????????????????????????????????
????????????????????????????????????????
????????????????????????????????????????
????????????????????????????????????????
????????????????????????????????????????
?????????? 
??????????????????? 3.5??????????????????
????????????????????????????????????????
?????2 ??????????????????????????????????
? 3.5??????????????????????? 6m ????????????
????????????????????????????????????????
????????????????????????????????????????
????????????????????????????????????????
????????????????????????????????????????
????????????????????????????????????????
?????????????? 2?????????????????????????
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?3.5 ????????????????? 
???????????cm? 
????????????,?????? 
?? P1 ?? P2 ?
? 
?
? 
?? 
??? 
?? 
?? 
?? 
?? 
?? 
?? 
?? 
?? 
?? 
?? 
?? 
?? 
?? 
?? 
C1111 17.4 3.22 13.5 17.4 3.22 13.5 
C116 16.8 3.11 13.1 16.7 2.21 14.1 
C156 16.6 3.23 12.7 16.4 1.93 14.1 
C1115 18.0 3.33 14.1 18.2 4.48 12.7 
? 
?
? 
CW1111 12.9 0.16 12.7 12.9 0.16 12.7 
S1111 21.5 8.28 11.5 21.5 8.28 11.5 ?
?
? SW1111 12.9 0.16 12.7 12.9 0.16 12.7 
 
 
 ???????????????????????????????3.6??????
????3.6??????????????????????????????????
????????????????????????????????????????
???????????????? 6m???????????????????????
????????????????????????????????????????
???????????????????????????????? 
 
?3.6 ????????????????? 
???????????cm? 
????????????,?????? 
?? P1 ?? P2 ?
? 
?
? 
?? 
??? 
?? 
?? 
?? 
?? 
?? 
?? 
?? 
?? 
?? 
?? 
?? 
?? 
?? 
?? 
C1111 45.7 9.27 34.6 45.7 9.27 34.6 
C116 49.9 20.4 25.2 50.9 24.9 20.8 
C156 48.9 18.7 26.4 50.3 23.8 21.5 
C1115 50.3 20.9 25.1 50.1 20.3 25.7 
? 
?
? 
CW1111 27.4 0.65 26.6 27.4 0.65 26.6 
S1111 52.0 30.9 14.7 52.0 30.9 14.7 ?
?
? SW1111 28.3 0.94 27.2 28.3 0.94 27.2 
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?.? ??????? 
 
 ???????????????????????????????????????
????????????????????????????????????????
????????????????????????????????????????
??????????????????????????????????3.5????
?????????????3.6?????????????????????????
????????????????????????? 3?2 ????????????
?????????????????? 
 
?.?.? ???? 
 
 ?3.7???????????????????????????????????
?????????????????????????????? 5????? 1.47 MN?
???? 2????? 1.67 MN??????????2????????? 1.7cm?50kN/cm
???????3.4????????????????????????????????
????????????????????????????????????????
????????????????????????????????????????
??????????3.4????????????????????????????
????????????????????????????????????????
?????????????????????????????3.3?????3.4??
????????????????????????????????????????
???????????????????????????????????????? 
 
?3.7 ????????????????? 
???????????cm? 
?????????,??????? 
?? P1  ?? P2  ?
? 
?
? 
?? 
??? 
??
?? 
?? 
?? 
?? 
?? 
?? 
?? 
?? 
?? 
?? 
C1111 14.5 1.40 11.1 1.39 10.8 
C116 14.1 1.13 11.4 0.83 10.6 
C156 14.3 1.94 11.2 0.89 11.0 
C1115 14.4 1.32 11.7 1.96 10.2 
? 
?
? 
CW1111 14.2 1.65 11.3 1.65 11.3 
S1111 13.6 6.14 7.70 6.22 6.36 ?
?
? SW1111 13.1 4.15 9.31 4.17 8.13 
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????????????????????????????????????????
????????????????????????????????????????
????????????????????????????????????????
????????????????????????????????????????
?????????? 2?????????????????????????????
????????????????????????????????????????
????????????????????????????????????????
????????????????????????????????????????? 
 ?3.7????????????????????????????????????
? C156 ?????????????????????????????????? 15m
??? P1?????? 6m??? P2???????????????????????
????????????????????????????????????????
????????????????????????????????????????
??????????????????????????[3.7]????????????
????????????????????????????????????????
???????????????????3.8??3.7???????????????
??(??)???????????? P2 ?????????????????????
?????????????????? 3.8??????????????? 2.3 MN?m
??? 0.87 MN?m???????????(??)??????????????????
????????????????????????? 4??????????????
???????????????? 4.6 MN?m??? 2.8 MN?m???????????
??????????????????????????? 1.65???????????
???????????3.9???????????????????????3.9???
????????????????????????????????????????
????????????????? 1.24 ??? 1.06 ?????? 2.98 ??? 8.1 ??
????????????? 1cm?????????????????????????
???????????????? 
?3.8????????????????????????????????????
??? 3.4???????????????????????????????????
????????????????????????????????????????
????????????????????????????????????????
????????????????????????????????????????
????????????????????????????????????????
????????????????????????????????????????
???????????????????????????????????????? 
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?3.7 ????????????? 
??????C156,????????,??????? 
??(s) 
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２ 
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-15    -10    -5      0      5     10     15
?a???P1??????? 
?b???P2??????? 
?c??????????-?????? 
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????????????????????????????????????????
????????????????????????????????????????
????????????????????????????????????????
????????????????????????????????????????
???????????????????????????????????????? 
 
?.?.? ?????? 
 
???????????????????????????????????????
???????????????????????????????????????? 
?3.8 ???????????? 
??????C156,????????,??????? 
?a???????????????????? 
?b???????????????? 
??(s) 
??
??
??
(M
Nm
/s
) 
２ 
 
１．５ 
 
１ 
 
０．５ 
 
０ 
0      5      10      15     20     25
??(s) 
??
??
??
(M
Nm
/s
) 
0      5      10      15     20     25
２ 
 
１．５ 
 
１ 
 
０．５ 
 
０ 
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?3.8 ????????????????? 
???????????cm? 
?????????,?????????? 
?? P1  ?? P2 ?
?
?
? 
?? 
??? 
??
?? 
?? 
?? 
?? 
?? 
?? 
?? 
?? 
?? 
?? 
C1111 31.2 8.88 20.7 8.62 21.8 
C116 29.6 8.14 19.8 7.81 22.3 
C156 30.3 12.6 20.4 21.8 20.3 
C1115 30.5 6.46 22.7 8.63 22.8 
?
? 
?
?
? CW1111 29.8 4.66 23.1 4.73 24.2 
S1111 32.5 26.6 11.1 26.5 12.4 ?
?
? SW1111 30.3 26.9 12.1 26.8 13.7 
 
?3.9 ???????????????????????????? 
?????????,??????? 
?a???P1???????(?????S1111) 
?b???P1???????(?????SW1111) 
??(s) 
?
?
?
?
(c
m)
 
１０ 
 
５ 
 
０ 
 
－５ 
 
－１０ 0      5      10      15     20     25
??(s) 
?
?
?
?
(c
m)
 
１０ 
 
５ 
 
０ 
 
－５ 
 
－１０ 0      5      10      15     20     25
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?3.9 ??????????????????? 
???????????cm? 
?????????,?????? 
?? P1 ?? P2 ?
? 
?
? 
?? 
??? 
??
?? 
?? 
?? 
?? 
?? 
?? 
??
??
?? 
?? 
?? 
?? 
?? 
C1111 16.4 1.36 14.3 16.4 1.54 14.3 
C116 15.8 1.04 14.1 15.8 3.52 13.7 
C156 15.9 1.60 13.7 15.9 0.78 14.6 
C1115 16.0 1.12 14.2 16.0 1.62 13.7 
?
? 
?
?
? CW1111 15.7 0.13 15.1 15.9 0.13 15.1 
S1111 17.7 8.76 9.58 17.7 8.68 9.58 ?
?
? SW1111 15.9 0.19 15.2 15.9 0.19 15.2 
 
?????????????????????3.9?????????????????
??????????????????? 3.5???????????????????
????????????????????????????????????????
???????? C116??? P2?????????????????????????
????????3.5??????????????????????????????
??????????????????? C116??? P2??????????????
????????????????????????????????????????
????????????????????????????????????????
???????????????????? C116??? P2?????????????
??????????????????????????? 1.46???????????
?????????????????????????????????? 
 ?3.10??????????????????????????????? P2???
???????????? 3.10??????????????????????? C116
? S1111??????????????????????? 1.85??? 1.44??????
?? 8.7 ??? 4.5 ??????????????? 1cm??????????????
??????????????????????????? C116 ??????????
???????????????????? 3.10?(a)???(c)???????????
????????????????????????????????????????
????????????????????????????????????????
??????? 
????? 6m ????C116??????????????????????????
????????????????????????????????????????
???????????????????????????????? 1/500 ?????
??????????????????????RC????????? 0.15%????? 
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?3.10 ??????????????? 
?????????,?????? 
 (f)??P2??(?????SW1111) 
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????????????????????????????????????????
????? 
???????????????????????????????????????
????????????????????????C1111?C156???? SW1111 ? 3
????????????????????3.11???C1111?C156???? SW1111?
?? P2 ????????????? P2 ?????????? 3.11?? 3.6?????
????????????????????????????????????????
????????????????????????????????????????
????????????????????????????????????????
????????????????????????????????????????
??????????????? 
???????????????????????????????????????
????????????????????????????????????????
????????????????????????????????????????
????????????????????????????????????????? 
 
?.? ??? 
 
???????????????????????????????? 3 ??????
????????????????????????????????????????
????????????????????????????????????????
????????????????????????? 
 
????????????????????????????????? 2 ??????
?????????????????????????????????????
?????????????????????????????????????
????? 2 ???????????????????????????????
?????????????????????????????????????
??????????????????????????????? 20?????
????????????????????30????????????????
?????????????????????????????????????
????????????????????????????? 
????????????????????????????????????????
??? 2?????????????????????????????????
?????????????????????????????????????
????????????????????????????????????? 
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   ?????????????????????????????????????
?????????????????????????????????????
?????????????????????????????????????
?????????????????????????????????????
?????????????????????????????????????
?????????????????????????????????????
?????????????????????????????????????
????? 2???????????????????????????????
?????????????????????????????????????
?????????????????????????????????????
?????????????????????????????????????
?????????????????????????????????????
?????????????????????????????????????
?????????????????????????????????????
?????????????????????????????????????
?????????????????????????????????????
???????????????? 
 
 
???? 
 
[3.1] ANSYS?????????????????????????? 
[3.2] ?? ???? ??????????????????????????????
?????????????Vol.9, No.34?????????pp.77-86?2002.6. 
[3.3] ?????????????????????????????????????
?????????????????????????????????????
???2000.4. 
[3.4] ?? ????????? ?????????????????????????
????????????????????????????????????Vol.7, 
No.28?????????pp.33-44?2000.12. 
[3.5] ??????????????V?????????1996.12. 
[3.6] MATLAB?????????????????????? 
[3.7] ??????????????pp.170-172???????????1996. 
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??? ????????????????? 
 
?.? ???? 
 
???????????????????????????????????????
??????????????????????????????????[4.1]?[4.3]?
????????????????????????????????????????
????????????????????????????????????????
?????????????????????????????????????????
????????????????????????????????????????
?????? 
???????????????????????????????????????
?????????????????????????????????????????
????????????????????????????????????????
???????????????????? 
???????????????????????????????????????
????????????????????????????????????????
???????????????? 
???????????????????????????????????????
???????????????????????? 
???????????????????????????????????????
????????????????????????????????????????
????????? 25??55???????? I??????????????????
????????????????????????????????????????
????????????????????????????????????????
?????? 
???????????????????????????????????????
?????????????????????????????? 
 ???????????????????????????????????????
????????????????????????? 
 
 
?.? ?????????????????? 
 
???????????????????????????4.1??????????
?????????????????????????4.2?????????????
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???????????? UB ???A ????P ?????????????????
Fix ??????????Move ??????????????????????????
??????4.2(a)??????Bel.??????????? 
???????????????????????????????????????
?????????????????????? ??????????????????
??? I ????????? 2.7m??????????? 39m???????????
?????????????????????????????????????4.1?
????????????????????????????????????????
????????????????????????????????????????
????????????????A1 ????????? B ????????????
????????????????????????? A ??????????A1 ??
?????????????????  
????????????????????????????????????????
????????????????????????????????????????
??? 
 
 
?.? ???????? 
 
?.?.? ?????????? 
 
??????????????????????????????????????? 
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(a)??? 
?????? 
?????????? 
(b)???????? A?A 
? ?
?
?
??
?? ? ? ? ? ?
. . 
. . . . . . . . . 
. . . . . . 
. . 
. . . . . . . . . . . . . . 
. 
. . 
?4.1 ??????????????? 
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?4.2 ??????????????:m? 
(b) ????????????????
(a)??????? 
(c) ????????? 
???? ?????? 
10.0 2.5 
11
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D29@100(2???) 
iii)??? 
i)??? ii)??? 
2.5 
9.0 0.6  0.6  
1.05 1.05  
3 ? 2.7 = 8.1  
Fix Fix Fix Fix 
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Fix Move 
3?39.0 
Bel.1 Bel.3 
A1 A2 
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Bel.2 
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Fix Move 
Bel.4 
P1 P2 
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?????????????????????????????????????????
?????????????? uP ?????????????????????????
??????????????????????????????? 4.3???????
????? dRm ???????????????????? 
?4.4??????????????????????? uP ????????????
??? uu ????????????????????????????????????
????????????????????????????????????????
????????????????????????????????????????
?? 
???????? 1??????????????????????????????
????????????????????? 0.3 ?????????????????
????????????????????????????????????????
??????????? 0.3 ???????????????????????????
???????????????????????????????? 
 
?.?.? ?????? 
 
???????????????????????????????????????
???????????????????????4.5???????????????
???????? 
??????????????????????????????? max,aimU ?????
??????????????? aimyu , ???????????????????????
??????????????????? yP ????? yu ?????????????
?????????? yP ? yu ??????????????????????????
?? [4.4],[4.5]?????????????????????????????????
RC床版断面
2次モーメント m
4 0.608
RC床版断面積 m2 0.252
鋼桁面外断面
2次モーメント m
4 2.260
桁の総重量 kN 4,170
鋼桁断面積 m2 0.248
鋼桁重量 kN 980
主桁高 m 2.0
項目 単位 値
主桁本数 本 4
?4.1 ?????? 
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????????????????? maxU ????? max,aimU ????????????
????????? ????????????? 
 
?.?.? ????? 
 
???????????????????????????????????????
????????????????????????????????????????
????????????????????????????????????????
????????????????????????????????????????
?????MATLAB[4.6]?????????????????????????????? 
F
u
dμR
dμR- μ
dR
????? 
????? 
 ?4.3 ?????????????-???? 
    ?????? 
 
P
u
uP
tk
uP-
uu-
uu
dμR
dμR-
?4.4 ??????????? 
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???????? 
 
?4.6???????????????????? 4?????????? 2????
????????????????????????????????????????
????????????????????????????????????????
????????????????????????????????????????
??? q,, vu ?3 ????????????????????????????????
?4.5 ???????????????? 
 
  ???????? Py 
  ???????? uy 
???????????Umax,aim 
???????????? uy,aim 
START 
END 
Umax ? Umax,aim 
No 
Yes 
uy?Py???? 
????????????????????? 
Umax???? 
uy ? uy,aim 
No 
Yes 
?????????????? 
????? 
?????[4.4] 
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????????????????????????????????????????
????????????????????????????????????????
????????????????????? x????????? y????????
????????????????????????????????????????
????????????????????????????????????????
??????????????????[4.7]????????????????????
?????????????????????????????????????????
????????????????????????????????????????
???????????????????????????????? 
 
??????????????? 
 
???????????? 1??????????????????????????
?????????????????????? 
????????????????? Tu ?????????????????????
???u??????????????????????????????????? 
 
0=++ KuuCuM T         ????? (4.1) 
 
????M?C???? K ???????????????????????????
????????????????????????????????????????
?????? 2????????????????????????????? gu ???
?? Tu ?? 
 
JuuT += gu       ????? (4.2) 
 
???? J??????????????????????? yx, ??????????
?4.6 ??????? 
 
x 
y 
q 
???? ???? ???? 
?????? ?????? 
?? 4??? 
S12 
S11 
S13 
S14 
S1 
?? 4??? 
0 
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?????? u????????????????????? x???????????
???????????????????? yx, ??????????????????
??? 
 
q=q= sin,cos yx JJ        ????? (4.3) 
 
??????J????? yx, ????????????(4.3)?????? yx JJ , ???
?????? 0??????4.2????4.1????????????????????
???? 
MJKuuCuM -=++  gu       ????? (4.4) 
 ????2 ??????????????????????????????????
????????????? 2/pq + ??????(4.4)???????????????? 
1MJKuuCuM -=++  1gu 2JM- 2gu      ????? (4.5) 
 
???????? 1J ??(4.4)? J ????????????? 2J ??(4.3)? q ?
2/pq + ????????????  
?????????????????????????????(4.4)?????(4.5)
???????? Ku?????????????????? )(uF ?????????
???? 
 
1)( MJuFuCuM -=++  1gu 2JM- 2gu      ????? (4.6) 
 
?????? 
 
?????????????? 
 
?????????? Newmark ??????????????(4.6)???????
????????????????????????????????????????
????????????????????????????????????????
????????????????????????????????????????
???????????? 0.01?? 10?50????????????????? 
???????????????????????????????????????
?????????????????????????????????? ku1 ????? 
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111 j×+= kk duu       ????? (4.7) 
 
???? 1u ??? 1j ???????????????????????????????
????????????????? 4.6????? kd ???????????????
??????????????????????????? 
 
??????????????????????? 
 
?4.6????????????? 4?????????? 2???????????
???????????????????????? ANSYS ????????????
???ANSYS ?????????????????????????????????
????????????????????????????????????????
??????????????????????????????????? 5%???
???? 2???????????????????????????????????
?????????????????????????????ANSYS ???????
????????????????????????????????????????
???????????????????????????????????2 ????
??????????????????????????2 ?????????????
??????????????????????????????4.2????????
???????????????????????????????? JR ??????
???NS???EW??????????????????????????????? 
?4.7????????????????? ANSYS???????????????
?????????????? y????????????? x?? y????????
??????????????????? x????????????????????
???????????????????? 
 
 
?.?. ?????????????????????? 
 
?.?.? ??????????????? 
 
???????????????????????????? 1??????????
????????????????????????????????????????
????????????????????? 
???????????????????????????????????????
???????????????????????????? 25m?50m???????
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????????????????????????? 150mm?400mm??4.8????
????????????????????????????????????????
????????????? A??????????????????????????
?????????????????????? 
??????? 100???200???? 4.8?????????? 50????????
????????????????????????????????????????
?????????????????????????????????????????
?????????????????????????? 
????????????????????????????????????????
????????????? 
 
項目 単位 値
支間長 m 39.0
kN 4,250
主桁本数 本 4
主桁間隔 m 2.7
桁合計面外断面
2次モーメント m
4 2.867
桁の総重量
左端橋台と桁との間
橋軸直角方向
右端橋台と桁との間
左端橋台と桁との間
橋軸方向 桁と桁との間
桁と桁との間
右端橋台と桁との間
降伏荷重(kN)
375
300
250
200
175
150
設置箇所
(c)??????? 
(a)???? 
(b)????????????(?? 1????) 
?4.2 ??????????? 
降伏変位
(m)
終局変位
(m)
0.010
0.037
0.010
0.059
設置箇所
5,000
2,774
100,000
降伏荷重
(kN)
0.050
0.416橋軸方向
橋軸直角
方向
左右橋台
中間橋脚
左右橋台
中間橋脚 2,348
0.050
0.511
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1???????????????????????????????????????? 
2????????????????????????????? 
 
?.?.? ??????????????? 
 
???????????????????????????????????????
????????????????????????????????????????
????????????????????????????????????????
?????????????????????????????????????????
????????????????????????????????????????? 
???????????????????????????????????????
?4.8 ???????????????????:mm? 
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?
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. . 
. . . . . . . . . . . . . 
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. . 
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?4.7 ???????ANSYS????????? 
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?
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?
X
?
?
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(kN
) 
時間(s) 
????? 
?????? 
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?????????????????????????????? 
???????????????????????????????????????
???? 9mm?12mm??????????????????????????????
????????????????????????????????????????
???????????? 
1???????????????????????????????????????
??????? 
2???????????????????????????????????????
???? 
3???????????????????????????? 
 
 
?.?.??????? 
 
?.?.? ?????????????? 
 
???????????????BP-B??????????????????????
BP-B??????????????????????????????????????
????????????????????PTFE ?????????????????
????????????????????????????????????????
????????????????????????????????????????
??????? 4.9(a)?????? 1,000kN ? BP-B ??????????[4.8]????
???????[4.9]?????BP-B????????????????????????
????????????????????????????????????????
???????????????????? BP-B ?????????????????
??????????????????????????????????????
[4.10],[4.11]? 
???????????????????????????????????????
????????????????????????????????????????
????????????????????????????????????????
???????????????????????????????[4.12]? 
????????????????????????????? 1,014kN ??????
?4.9(a)??? BP-B??????????????????????????? 185mm
?????4.8???????????????????????? 
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(a) BP-B??????????? 
(b) ???????????????? 
?????? ???? 
310 
390 390 
18
5 
36
0 
6 5 
2 
1 
3 4 
番号 名称
① 上沓
② 下沓
③ ストッパー
④ サイドブロック
⑤ ゴムプレート
⑥ 中間プレート
i)????? 
iii)??? 
ii)??????? iv)??????? 
?????? ???? 
460 
36
0 
390 390 
20
0 
1 
2 
3 4 
6 5 
7 
番号 名称
① 上沓
② 下沓
③ ストッパー
④ サイドブロック
⑤ ゴムプレート
⑥ 中間プレート
⑦ すべり板
i)????? 
iii)??? 
ii)??????? iv)??????? 
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???????????????????????4.9(b)???(c)?????4.9(b)
????????????????????????????????????????
????????????????????????????????????????
????????????????????????????????????????
????????????????????????????????????????
????????????????????????????? 460??????????
????????????????????????????????????????
???????????????????????????15?????????? 
?4.9(c)????????????????????????????????????
??????4.9(b)???????????????????????????????
????????????????????????????????????????
???600???????? 
??????????????4.9(b)????????????4.9(b)????(c)?
(c) ??????????????? 
?4.9 ???????(????:mm) 
460 
60
0 
390 630 
20
0 
?????? ???? 
1 
2 
3 
4 
4 
6 5 
7 
番号 名称
① 上沓
② 下沓
③ ストッパー
④ サイドブロック
⑤ ゴムプレート
⑥ 中間プレート
⑦ すべり板
i)????? 
iii)??? 
ii)??????? iv)??????? 
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????????? 
???????? BP-B ????????????????????????????
????????? 
 
?.?.? ?????????? 
 
??????? 
 
???????????????????????????????????????
?? 100mm?200mm ??????????????????????????????
????????????????????????????????????????
???????????????? 
???????????????????????????????????????
???????????[4.13]????????????????????? 
???????????????????????????????????????
????????????????????????????????????????
??????? 
 
?????? 
 
??????????????? max,aimU ?????????????????????
????????????????????????????????????????
?????????????????????????????10?????????
max,aimU ?????? 
 
9010090.090.0 =×=×= aUmax,aim mm        ????? (4.8) 
 ???? a???? 
 
?????????????????????? aimyu , ?????????????4.10
????????????????????????????????????????
0yu ???????????????????[4.4]?????????????????
???????? yu ?????????????????????????? du ???
?? du ? 0yu ?=1/2 yu ??????????????? aimyu , ?????? 
 
daimy uu ×= 2,        ????? (4.9) 
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du ????????????????? TLD ????????????????????
??????????????????????????????? 
 
LLT 72.0=D ?????????      ????? (4.10) 
 ???? L?????(m) 
 
?????????????(4.10)???????????????????????
????? 
 
04.142/3972.02/ =×=D= Td Lu  mm      ????? (4.11) 
 
?????? 
 
08.2804.1422, =×=×= daimy uu  mm      ????? (4.12) 
 
???????????????????????????????????????
??????? yP ??????  
??????????????? yP ????? aimyu , ???????????????
??????????????????????????4.3????????????
????????? SS400?? ys  = 235 N/mm2???????????????????
??????? 100mm??????????????? 500mm????? 600mm ??
???????????????????4.3????????????????????
??? SM490Y?? ys  = 355 N/mm2???????????????? yP ? aimyu , ???
??????????????????????????????????? 10mm??
?4.10?????????? 
       ?????????? 
0 
uy0 2uy0 
4uy0 20uy0 
Py0 
1.62Py0 
1.8Py0 1.95Py0 
P 
u 
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? 19mm???????????????? 250mm??? 330mm????600mm???
????????????? 
??????????????????????????????????????
????????????????????????????????????????
?????????????? 
?????????????????? 4.11??????????????????
????????????????????????????????????????
??????????????????????? 4.20??????????????
????????????????????????????????????????
????????????????????????????????????????
????????????????????????????????????????
?????????????????? FH  ( dR5.1= ? dR ????????)?????
????????????????????????????? S (????? dR )???
????? P??????????? 
 
dddF RRRSHP 8.1)5.1(
2222 =+=+=       ????? (4.13) 
 
?4.3 ????????????????? 
項目 記号 単位 ﾊﾟﾀｰﾝ1 ﾊﾟﾀｰﾝ2
t mm 10 19
R mm 125 165
a mm 40 40
b mm 50 50
r mm 55 104.5
ベローズ高さ H mm 625 245
ベローズ材質 - - SM490Y SM490Y
降伏荷重(計算値) Py kN 105 107
降伏変位(計算値) uy mm 28.4 28.2
降伏変位(設定値) uy,aim mm 28.1 28.1
変位の判定 OK OK
落防設計遊間量 S mm 305 408
落防設計最大遊間量 S F mm 671 671
落防設計最小遊間量 S min mm 100 100
判定 OK OK( Smin<S <S F )
( uy≧uy,aim )
ベローズ形状寸法
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?.?.? ???????????????? 
 
???????? 
 
 ?.?.?????????????????.?.??????.?.??????????
???????????????????????.2??????????4.2????
????????????????????????????????????????
????????????????????????????? 1???? 2?????
????????????????????????????????????????
?4.11 ???????????????? 
    (????:m) 
100 500 
320 
62
5 
?? 
??????? 
????? 
???????? 
?? 
?????? 
250 
(a)??? 
(b)??????? 
? ? 
? 
? ? ? 
. . 
. . 
. 
. . . . 
. 
. 
. 
. . 
. 
. 
. 
? 
. ? 
? 
? 
? 
? ? 
? 
? 
? 
? 
 
? 
? 
? ? ? ? 
? 
? 
? 
? 
? 
 
? ? 
. . 
. . . 
. 
. . 
. 
. 
. 
. 
. 
. . 
. 
. 
. 
. 
. 
. 
. 
. 
. 
. 
. 
. . . . . . . 
. 
. 
. 
. 
. 
? 
? ? ? 
. . 
. 
. . . . 
? 
? ? ? 
. . 
. 
. 
. . . 
? 
? ? ? 
. . 
. . . . . 
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[4.14],[4.15]??????????4.12??????????????????????3
????????????????????????????????????????
????????????????????????????????????????
??????????????????? 2????? 3????????????4.12
? hu ??????????????????????????????????????
????????????????????????????????????? PC ?
?????????????????????4.13????????????????? 
???????????????????????????????????????
????????????????????????????????????????
????????????????????????????????????????
????????????????????????????????????????
??????? 
?????????????????????4.4????????????????
yP
yu  
yP-
yu-  1k  
2k  
P 
u 
3k  
3k  
2k
hu  
hu-  
?4.12 ????????????????? 
 
ck
P 
tuP  
tu  
cuP
cu t
k
u 
?4.13?????PC????????? 
   ??????????????? 
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??????????????? PC ???????????????????????
????????????????????????????????????????
????????????????????t ? JR ??????h??????????
p????????????????????2????????????????0??
???1?????????????f????????????pc? PC???????
??bel????????????????????? 
 
??????????? 
 
?????????????????????????4.5????4.6???????
??????????????????????????????????4.6???JR
??????t05fbel???????????????????????????????
??h05fbel???????????????p05fbel?????????????????
??????????????????????JR?????????????????
?????????????????????????JR???????????? 
???????????????????????????????????????
????????????????????????????????????????
???????????????????????????????????? 10???
????????????????????????????????????????
??????????? 10?????????? 
 
?4.4 ??????????????? 
???    
???? ?????? Fix:??
 t01 ? Fix-Mov,Fix-Mov,Fix-MovFix,Fix,Fix,Fix,Fix,Fix????? ?? ??? Mov:??
 t02f ? Fus-Mov,Fus-Mov,Fus-MovFix,Fus,Fus,Fus,Fus,Fix????? ?? ??? Fus:????
 t03f ? Fus-Mov,Fus-Mov,Fus-MovFix,Fix,Fix,Fix,Fix,Fix????? ?? ??? Fus2:Fus????2.0
 t04fpc? Fus-Mov,Fus-Mov,Fus-MovFix,Fus,Fus,Fus,Fus,Fix????? PC???? ??? Fus3:Fus????0.7
 t05fbel? Fus-Mov,Fus-Mov,Fus-MovFix,Fus,Fus,Fus,Fus,Fix????? ?????? ??? Fus4:Fus????1.7
 h05fbel? Fus-Mov,Fus-Mov,Fus-MovFix,Fus,Fus,Fus,Fus,Fix????? ?????? ??? Fus5:Fus????1.5
 p05fbel? Fus-Mov,Fus-Mov,Fus-MovFix,Fus,Fus,Fus,Fus,Fix?????????? ???? ???
 t05fbelx1? Fus-Mov,Fus2-Mov,Fus-MovFix ,Fus,Fus,Fus,Fix????? ?????? ??? ??????????
 t05fbelx2? Fus2-Mov,Fus3-Mov,Fus-MovFix,Fus,Fus,Fus,Fus,Fix????? ?????? ??? ??????
 t05fbelx3? Fus-Mov,Fus4-Mov,Fus-MovFix ,Fus,Fus,Fus,Fix????? ?????? ??? ?????????
 t05fbely1? Fus-Mov,Fus-Mov,Fus-MovFix,Fus4,Fus,Fus,Fus4,Fix????? ?????? ??? ??????????
 t05fbely2? Fus-Mov,Fus-Mov,Fus-MovFix,Fus,Fus4,Fus4,Fus,Fix????? ?????? ??? ?????????
 t05fbely3? Fus-Mov,Fus-Mov,Fus-MovFix,Fus,Fus5,Fus,Fus5,Fix????? ?????? ??? ????
 t12f ? Fus-Mov,Fus-Mov,Fus-MovFix,Fus,Fus,Fus,Fus,Fix????? ?? ???? ?????????
 t15fbel? Fus-Mov,Fus-Mov,Fus-MovFix,Fus,Fus,Fus,Fus,Fix????? ?????? ???? ??????????
 t15fbely2? Fus-Mov,Fus-Mov,Fus-MovFix,Fus,Fus2,Fus2,Fus,Fix????? ?????? ????
????
?
???? ??????????????
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?????????????????? 
 
? 4.5???????? t01 ??????????????????????????
????????????????????????????????????????
?????????????????????2774kN????????????????
??? 
??? t02f??????????????????????????????????
????????????????????????????????????????
?4.5 ????????????????????JR?????? 
MaxMinMaxMinMaxMinMaxMin
 t01 57 -46 72 -52 45 -45 45 -435,0622,814
 t02f 33 -37102-112116-10538 -291,7472,759
 t04fpc 33 -37100-110103-10618 -131,7572,758
 t05fbel31 -34 93 -93 96 -92 19 -192,1212,600
 t05fbelx140 -49 76-10677-11027 -282,1952,872
 t05fbelx231 -34 89 -95 91 -95 19 -192,1232,599
 t05fbelx340 -34 88 -97 90 -96 19 -192,1242,599
 t12f 32 -38 66 -93161-190117-151,4982,783
 t15fbel32 -37 79 -75114-15190 -941,8102,776
??
??? ??
????(mm)
??? ???
??
?????
?????
? ?? ?? ??
?????????
????????
???
????????
?????????
?????????
?????
?4.6 ?????????????????????(JR??????????????????? ) 
MaxMinMaxMinMaxMinMaxMin
 t01 242-341 3 -2 3 -2 2 -24,0462,824
 t02f 111-173 1 -1 105-14341 -391,8402,540
 t03f 261-372 1 -1 1 -1 1 -11,9172,876
 t04fpc 111-173 1 -1 108-15317 -461,8412,541
 t05fbel110-171 1 -1 103-15031 -321,8322,539
 t05fbely1104-176 1 -1 101-14952 -531,8362,546
 t05fbely2110-172 1 -1 94-15831 -281,8312,539
 t05fbely3110-172 1 -1 101-15231 -341,8332,539
 h05fbel49 -40 1 -1 117 0 13 -141,0601,955
 p05fbel14 -21 1 -1 4 -34 9 -6 9261,904
 t12f 89-145 1 -1 213-188189-1821,3402,493
 t15fbel88-171 1 -1 195-187141-141,3382,537
??
??? ??
????(mm)
??? ???
??
?????
?????
? ?? ??
????????
?????????
?????????
?????
??
????????
????????
????????
?????????
????????
???
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????????????????????????????????????????
????????????????????????????????????????
????????????????????????????????????????
??????????????????????????? 100mm ?????????
???????????????????????????????? A1 ??????
??????? 
??? t04fpc ??????????? PC ????????????????????
???????????PC ???????????? 50mm ????????????
??????????????????????????????PC?????????
? t02f ??????????????PC ?????????????????????
????????????????????????????????????????
?????????????????????????????????????PC??
?????????????????????????????? 
????????????????????????? t05fbel???????????
????????????????????????????????PC???????
????????????????????????????????????????
??????????????????????????? 100mm ?????????
????????????????????????????????????????
t04fpc???? 20%???????????? 5%??????????????????
???????????????????????????????????? 
??????????3 ??? 4 ????????????????????????
????????????????????????????????????????
?????????????????????????[4.14][4.15]???????????
? 4.7???????????????????????? t05fbel3?????????
????????????????????????????????????????
????????????????????????????????t05fbel ???
t05fbel4 ????????????????????????????????????
????????????????????????????????????????
????????????????????????????????????????
????????????????????????????????????????
????????????????????????????????????????
???t05fbel??????????????????????????????????
????????????????????????????????????????
?????????????????????? 
???????????????????????????????????????
????????????????????????????????????????
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????????????????????????????????????????
??????????????????? 25m+55m+25m???????????4.5?
t12f ??????????????????????????????????????
???100mm ?????????????????????????????????
t15fbel?????????????????????????????????????
????????? 160kN???????? A1????? 90kN??? A2?? 65kN ?
??????????????? 94mm??????????????????????
????????????? 
 
???????????????????? 
 
????????????????????????????????? 
?4.4? t03f???????????????????????????t02f????
?????????????????????????????????????? 4.6
???????????????????????4.14????t03f?????????
?? 0.4m??????????????????t02f???????????? 0.2m?
????????????????????????????????????????
??2,880kN ?? 2,540kN ???????????????t05fbel ??t02f ??????
????????????????????????????? t02f?????????
?????????????????????? tap ?????????4.15?????
??t03f ??????g?=9.8?/?2????????t02f ??????????????
??? 1.5g ?????????????????????????????? 1/1000 ?
?? 1/5000 ???????????????????????????????????
????????????????????????????????????????
????????????????????????????????????????
????????????????????????????????????????
???????????????????????????????????????? 
MaxMinMaxMinMaxMinMaxMin
 t05fbel130 90 65 130 31 -34 93 -93 96 -92 19 -192,1212,600
 t05fbel290 90 90 90 32 -35 97 -98 93 -91 13 -132,0232,630
 t05fbel390 130130 90 32 -35 98 -99 90 -91 10 -102,0292,614
 t05fbel4130 40 40 130 32 -35 86 -94 97-10526 -272,1012,609
Bel.4
??
????(mm)
????
???
?????(kN)????????(kN)
(??????)
Bel.1Bel.2Bel.3
??????
(????) ?? ????? ???
?4.7 ????????????????????JR?????? 
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(b)???t02f 
?4.15 ???????????????? 
     ???? 
(a)???t03f 
time(s)
0 2 4 6 8 10
-10
0
10
t
??(s) 
ap
t(m
/s
2 ) 
time(s)
0 2 4 6 8 10
-20
-10
0
10
t
??(s) 
ap
t(m
/s
2 ) 
0
50
100
150
200
250
300
350
400
t03f t02f t04fpct05fbel
応
答
変
位
(m
m)
橋脚変位
支承変位
?4.14 ??????? 
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???t05fbel??????????? 
???????????????????????????????????????
????????????????????????????????????????
??????????????????????????????? t12f???????
????????????? 190mm ??????????????t15fbel ??????
???????????????????????? 19mm ???? 1.5m ??????
?????????? 4.16???????????????????????????
????????????????????????????????????????
?????????140mm????????????????????????????
???????????? 
???????????????????????????????????????
????????????????????????????????????????
????????????????????????????????????????
????????????????????????????????????????
?????????????????????????????????????????
????????????????????????????????????????
????????????????????????????????? 
 
??????????????????? 
 
???????????????????????????????????????
????????????????????????????????????????
?????????????????????????????????? t05fbel???
?4.16 ???????????????-?? 
     ??(??????????t15fbel) 
-0.2 -0.15 -0.1 -0.05 0 0.05 0.1 0.15
-500
0
500
rutrsp (m)
k
変位(  
作
用
力
(kN
) 
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??????? t05fbel???????????????? 
???? 4.5??????????????t05fbelx1 ????? P1 ????????
????????????? 2?????????????? P1???????? 34mm
?? 49mm??????????4.17??????????????? P1??????
?????????????????? 2.1g ??????????????? 100mm?
??????????????????????20mm???? 30mm ????????
?????????????????????????????????????????
????????????????????????????????????????
????????????????????????????????????????
????????????????????????????????????????
??????????????????????????? t05fbelx3 ????????
t05fbelx3??????????? 2 ??? 1.7 ???????????????????
?????? 100????????????????????????????????
???????? 1.7???????????????????? 
????4.6????????????????t05fbely1?????????????
??????? 1.7 ???????????????????????????????
? t05fbel ??????????????????????????????????
?t05fbely2????????????????????t05fbely3???????????
???????? t05fbel?????????????????????????????
?????????????????t15fbely2???????????????????
????????????????????????????????????????
??? 1/2 ???????????????????????????????????
????? 
?4.17 ??P1??????????? 
   (??????????t05fbelx1) 
time(s)
0 2 4 6 8 10
-20
0
20
40
aap
t(m
/s
2 ) 
??(s) 
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?????????????????? 
 
???????????????????????????????????????
????????????????????????????????????????
??[4.16]????????????????????????????????? 4.8
????????????????????????????????????????
????????????????????????????????????????
????????????????????????????????????????
??????????????????????????????????? 
 
 
?.?.?????????? 
 
??????.?.???????????????????????????????
????????????????????????????????????????
????????????????????????????????????????
????????????????????????????????????????
????????????????????????????????????????
????????????????????????????????????????
??????????????? 4.18??????????????????????
???????????? 2,150mm ?? 1,200mm ?????????????????
????????????????????????????????????????
????????????????????????????????????????
?????300mm?400mm???? 500mm ????????????????????
?????????????????? 
 
 
?4.8 ?????????????? 
通常 定期 異常時
(日常的に行われる巡回) (供用後2年以内，以後5年以内) (天災･事故発生時)
外面のき裂 目視
内面のき裂 ファイバースコープ等
ボルトの脱落 目視 たたき試験 たたき試験
塗装の割れ，錆 目視，ファイバースコープ等 目視，ファイバースコープ等 目視，ファイバースコープ等
点検方法
着目箇所
MT(磁粉探傷)
AUT(自動超音波探傷)
MT(磁粉探傷)
AUT(自動超音波探傷)
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?.?.? ????? 
 
???????????????????????????????????????
????????????????????????????????????????
????????????????????????????????????????
????????????????????????????????????????
?????????????????????????????? 4.19???????
????????????????????????? kyS ????????? 
 
Sky bGHtS /k= 2        ????? (4.14) 
 
 ????k ???????????G?????????H????????? t??
??????? Sb ????????????????????????k ???????
?????????????????????????? 0.25????????????
????????????????????????????????????? maxs ?
10?50N/mm2???????????????????????????? 40%????
????????????????????????????????????????
(a)??? 
1.08 1.08 3 ? 2.0 
= 6.0 
7.0 0.58 0.58 
(b)??? 
Fix Move 
2?40.6 
Bel.1 Bel.3 
A1 A2 
Fix 
Bel.2 
Move 
P1 
h=1.2 h=2.15 
?4.18 ??????(????:m) 
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????????????????????????????????????????
????????? 
????????? maxt ?????????????????????(1×105kN/cm)?
????????????(300mm)??????? 114 N/mm2????????????
?????????? 120=at  N/mm2???????????????????????
????????????????????????????????????????
????????? 2mm ????????????????????????????
????????????????????????????????????????
????????????????????????????? 4.20????????
????????????????????????????????????????
?????????????????????????? 2?????????????
??????????????????????????????????? 
 
?.?.? ?????????? 
 
??????????????????? 500?1,200kN??????????????
?????????????????????????????????????????
????????????????????????????????????????
??[4.17]??????????????????????(4.15)??????????
?????????????????????????????????? 
?4.19 ????????????( kyS )? 
     ??????????? 
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cett D£D max  ( = 67 N/mm2 )      ????? (4.15) 
 
???????????????????????? 1×104kN/cm ???????
60max =Dt  N/mm2 ???????????????????????????????
???1×105kN/cm???????? 75max =Dt  N/mm2???????????????
???????????? 
??????????????????????1.7mm??????????????
?????????????????????? 
 
?4.20 ????????? 
?????? 
?????? 
?????? 
?????? 
? 
? ? ? 
. . . . . . . 
? ? ? ? 
. . 
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(a)??? 
(b)????????? 
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?.?.??? 
 
???????????????????????????????????????
????????????????????????????????????????
?????? 
1? ??????????????????????????????????????
??????????????????????????????????????
????????????????????????????? 
2? ??????????????????????????????????????
??????????????????????????????????????
?? 
3? ???????????? 39?????????????????????????
??????????????????????????????????????
???????????????????????????????????? 
i) ????????????????????????????????????
????????????????????????????????????
????????????????????????????????????
????????????????????????????????????
????????? 
ii) ????????????????????????????????????
????????????????????????????????????
???? 
4? ??????????????????????????????????????
??????????????????????????????????????
??????????????????????????????????????
????????????????????????????????? 
 
 ???????????????????????????????????????
????????????????????????????????????????
??????????????????????? 
 
? ? ? ? 
 
[4.1] ????????????????? ???????????????????
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1999.11. 
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Application of Energy Absorbing Connectors to Seismic Retrofitting of Existing Girder 
Bridges 
 
The effects of energy dissipation devices have been investigated after the revision of Japanese Specifications for 
Highway Bridges (JSHB) in 1996.soon after the Hyogoken Nanbu Earthquake in 1995. This research proposes to 
apply a new type of seismic device consisting of steel bellows as energy absorbing connectors and bearings with 
fuse performance to a system composing of steel girders and piers. The bearings of a girder bridge under 
consideration are intentionally collapsed as fuse members against a strong earthquake in order to decrease the 
seismic force acting to the piers. After the collapse of the bearings, the inertia force and response displacement of 
the girders is restrained by the energy absorption due to the plastic deformation of the steel bellows.  
 
Chapter 1 describes the state of the art on this research field, the purposes of this research and the summery of 
the thesis. 
 
Chapter 2 deals with the effect of the devices in the longitudinal seismic behavior of the simply supported steel 
girder bridge models supported by the steel piers at the interior supports and the abutments at the both ends 
supports. The results obtained by the investigation show that the devices can control the response displacement of 
the girders within the movable space of the expansion joints and decrease the seismic force to be acted to the piers. 
The preliminary design method to determine the optimum dimensions of the steel bellows is proposed by use of 
the equivalent linear method based on the response spectrum analysis. 
 
Chapter 3 describes the effect of the devices on the seismic performance of the continuous girder bridge models 
supported by rubber bearings on the interior RC piers and abutments. The bridge girders have possibility to collide 
with abutments or the neighboring girders, because these bridges have long national oscillation period and their 
response displacement become large. It is shown from the numerical calculations that the response displacement 
of the girders and the piers is decreased by installing the steel bellows between both ends of the girders and 
abutments as bridge restrainers.  The devices can also decrease the seismic force to be acted to the piers. The 
response behavior of the bridge models subjected to the transverse seismic waves is also investigated in order to 
confirm the effectiveness of the steel bellows in the direction perpendicular to the bridge axis. 
 
Chapter 4 deals with practical problems necessary to apply the devices to existing steel bridge girders by 
carrying out a trial design. Firstly is explained a numerical simulation method used to estimate the seismic 
behavior of a bridge system under consideration. Secondly, a trial design is carried out to prove whether these 
devices are likely to be realized. It is confirmed that the effect of the unsuitable arrangement of steel bellows, 
unevenness in collapse forces of fuse members and the difference of seismic waves used for the dynamic response 
analysis on the seismic performance of the trial bridge to be improved by the devices is not serious. Furthermore 
is examined the influence of the devices on the ordinary performance of steel girders subjected to live loads, and 
the influence of live loads on the ordinary performance of the devices. As a result, the devices are effective to 
improve not only the transverse seismic performance but also the longitudinal seismic performance of the trial 
steel girder bridge under consideration. It is concluded that it is possible to keep sufficient seismic performance of 
existing girder bridges against the Level 2 earthquakes in JSHB without any other strengthening by installing the 
devices to connect the ends of the girders and the tops of the piers designed elastically against the Level 1 
earthquakes specified in JAHB.  
 
Chapter 5 describes main conclusions in this research. 
